We present the Hα images of ultra-flat (UF) spiral galaxies seen practically edge-on. The galaxies have the angular diameter in the B band a > 1 . ′ 9 and the apparent axial ratio (a/b) > 10. We found that their Hα images look, on average, almost two times thinner than those in the red continuum. The star-formation rate in the studied objects, determined from the Hα flux, is in good agreement with that calculated from the F U V flux from the GALEX survey if we use the modified Verheijen and Sancisi formula taking into account the internal extinction in the UF galaxies. The logarithm of the specific star-formation rate in the UF galaxies shows a small scatter, 0.19, with a smooth decrease from −10.4 for dwarf spirals to −10.7 for massive ones. The relative amount of the hydrogen mass in UF disks varies from about 50% in dwarf disks to about 8% in massive ones. Structural distortions are less common in the UF galaxies (about 16%) than those in thick (less isolated) disks of edge-on spiral galaxies. On the cosmic time scale, 13.7 Gyr, large spiral disks are more efficient "engines" for gas processing into stars than dwarf spirals. * Electronic address: skai@sao.ru
INTRODUCTION
The revised catalog of flat galaxies RFGC contains 4236 objects distributed over the whole sky (Karachentsev et al. 1999 ). For the RFGC catalog, we selected the galaxies with the angular diameter a ≥ 0 . ′ 6 in the B band and the apparent axial ratio a/b ≥ 7 measured in the First Palomar Sky Survey (POSS-1) and in the ESO/SERC survey. The RFGC catalog includes spiral galaxies of various morphological types: from S0, Sa to Sd, Sm. The sample containing 817 ultra-flat galaxies was compiled from this array (UFgg) with the "blue" and "red" axial ratios: (a/b) B ≥ 10 and (a/b) R ≥ 8.5. A substantial proportion in the UF sample is made up of spiral galaxies of the Sc, Scd, and Sd types, in which the spheroidal stellar subsystem makes insignificant contribution to the total mass/luminosity of a galaxy. Such disk-shaped galaxies with negligibly small bulges are attractive objects for various studies of their kinematics, dynamics, and star formation due to the simple structure of these galaxies.
According to the data from , Melnyk et al. (2017) , the UF galaxies are located in regions of low density avoiding close proximity to other galaxies. Obviously, the absence of close neighbors is an important condition for a thin stellar disk to persist. The presence of very few small satellites in the UF galaxies makes it possible to estimate the total mass from measurements of the difference in radial velocities and projected separations of the satellites. In spite of some expectations of Banerjee and Jog (2013), dark halos of the UF galaxies did not show any excess of dark matter compared to other spiral galaxies ).
Obtaining images of ultra-flat galaxies in the Hα emission line is of great interest, since it allows one to distinguish H II regions with young stellar populations. Unfortunately, the data on the Hα images of thin disks of edge-on galaxies are extremely rare in the literature. However, the first Hα image of the UF galaxy RFGC 2246 = UGC 7321 has already shown (Karachentsev et al. 2015) that the subsystem of the young population of the galaxy has the axial ratio (a/b) Hα = 38 which is much greater than that of the old disk population, (a/b) = 14. The relationship between disk flatness and its population age could be traced from images of the UF galaxies in the F U V and To observe in the Hα line, we selected the largest UF galaxies with the "blue" angular diameter a B > 1 . ′ 9 located in the region of declinations of DEC > −30 • .
OBSERVATIONS AND DATA REDUCTION
Observations of the UF galaxies in the Hα emission line were carried out at the 2.12-m f/7.5
Cassegrain telescope of the San Pedro Mártir National Astronomical Observatory in Mexico for several sets since February 2016 till September 2017. The telescope was equipped with the 2K×2K CCD camera having a pixel size of 13.5×13.5 µm. With a binning of 2×2, the camera provided a field of view of 6 ′ ×6 ′ and a resolution of 0.352 arcsec/pixel. The observations were carried out with a set of narrow interference filters with equivalent widths of 80Å centered at different wavelengths: 6603, 6643, 6683, and 6723Å according to the radial velocity of the galaxy. Figure 1 shows the curves of the spectral transmission of filters.
To subtract the continuum, the images of galaxies were taken in the r-Gunn broadband filter.
The image calibration was carried out every night using spectrophotometric standards.
The reduction of the observed data was carried out using the set of standard procedures which included: bias subtraction, flat-field division, cosmic-ray removal, and sky-background subtraction.
The images in the continuum were normalized to the image in the Hα filter using several dozen stars and then were subtracted. The Hα flux of the galaxy was determined from the Hα image with the subtracted continuum. The typical measurement error of the Hα flux was determined, as a rule, by weather conditions and it was equal to about 0.1 dex. With this accuracy, we ignored the contribution of the [N II] doublet to the emission flux neighboring Hα. Figure 2 gives the first page of the mosaic comprising 45 pairs of the UF-galaxy images that we obtained. The left-hand images in each pair correspond to the total exposure in the Hα line and in the continuum, and the right-hand ones show the image difference in Hα and in the continuum.
RESULTS
The name of each object, the scale of the image, and the "north-east" orientation are indicated in the right-hand images. Some images show residual traces from bright stars and objects of an anomalous color. Table 1 summarises the main parameters of the observed UF galaxies. The table columns contain:
(1) the number of the galaxy in the RFGC catalog; (2) the equatorial coordinates; (3, 4) the "blue" angular diameter in arcmin and apparent "blue" axial ratio from RFGC; (5) the heliocentric radial velocity of the galaxy in km s −1 ; (6) the effective wavelength of the filter (Å) in which the galaxy was exposed; (7) the exposure time in the Hα filter in sec; (8) 
where the distance D is given in Mpc.
Most galaxies in our sample have the estimated apparent magnitudes m F U V in the F U V band of the far ultraviolet (λ ef = 1539Å, FWHM = 269Å) measured at the GALEX 1 satellite. Following Lee et al. (2011) , we determined the integral star-formation rate of the galaxy as
where the apparent F U V magnitude is corrected for the Galactic and internal extinction. Comparison between SF R(Hα) and SF R(F U V ) makes it possible to refine the value of internal extinction in galaxies, which appears to be significant in the case of edge-on galaxies. Table 2 presents the extended summary of the main parameters of the UF galaxies. Besides those 45 galaxies that we observed, we also included the data on 10 UF galaxies with the F (Hα) has not yet been proposed. Usually, the extinction in the B band is expressed as
where the coefficient γ depends on the luminosity or morphological type of the galaxy. The Hyper-LEDA accounting scheme for the internal extinction implies a dependence of γ on a morphological type. Its imperfection is the monotonic increase of γ with the increase of T which leads to strong overestimation of the extinction in late-type dwarf galaxies. where the parameter γ depended on the absolute magnitude of the galaxy, and the character of this dependence was significantly different for different authors. Obviously, the absolute magnitude of the galaxy itself depends on the accepted internal extinction, so, the A i B estimation scheme for edge-on galaxies requires a series of sequential iterations. Verheijen and Sancisi (2001) proposed to express the parameter γ via the amplitude of the galaxy rotation:
with V m > 43 km s −1 , otherwise γ = 0, when V m < 43 km s −1 . This approach is free from iterations, however, it is applicable only to galaxies with a known rotation amplitude. Considering the statistics of the relation SF R(Hα)/SF R(F U V ) for the Local Volume galaxies, Karachentsev et al. (2018) concluded that expression (6) somewhat overestimates the extinction in massive galaxies and underestimates it for dwarf galaxies. In our estimation, the appropriate correction for the internal extinction in late-type spiral disks has the form
with V m > 36 km s −1 , otherwise A i B = 0, when V m < 36 km s −1 , where r 25 = (a/b) 25 is the apparent axial ratio reduced to the standard isophote (Makarov et al. 2014) . Table 2 presents A i B calculated according to this recipe. For two galaxies with unknown V m , we estimated the extinction with the empirical relation:
which describes extinction in late-type galaxies more adequately than the schemes from Bothwell 
Here, a higher value of the transition coefficient for the Hα line compared to relation (10) is due to the close correlation between the distribution of dust and H II regions in the galaxy disks, and its value was estimated from spectrophotometric measurements of the Balmer decrement (see the details in ).
Determining the hydrogen mass of galaxies M HI , we ignored the correction for the internal self- 
The comparison between the UF and Sc, Sd face-on galaxy samples (Karachentsev and
Karachentseva 2019) shows that the self-extinction effect is actually even smaller being lost in measurement errors of the H I flux of galaxies and errors in the morphological classification of galaxies.
STAR-FORMATION RATES IN ULTRA-FLAT GALAXIES
The upper panel of Figure 3 shows the dependence between the star-formation rate determined from the Hα flux and the K luminosity of the UF galaxies. Our measurements are shown with the solid circles and data from the literature with the open circles. The dashed line corresponds to the case log(SF R) = log L K − 10.14, when the galaxy manages to reproduce its observed stellar mass with the observed SF R for the cosmological time T 0 = 13.7 Gyr. The linear regression (the solid line) has a slope of 0.87 ± 0.04 indicating that more massive galaxies required higher star-formation rates in the past to provide the accumulated stellar mass. The similar diagram in the case of SF R calculated from the F U V flux is shown in the lower panel of Fig. 3 . In general, the diagram has a similar shape, although, the dispersion of the SF R estimates is larger in Fig. 3b . (1) and (2) is small, and the scheme we have adopted for taking into account the internal extinction in galaxies is close to reality. Figure 5 reproduces the relationship between the specific star-formation rate sSF R(Hα) and the total K luminosity or stellar mass of the UF galaxies with M * /L K = 1 in solar units. The dashed horizontal line corresponds to the Hubble parameter H 0 = 73 km s −1 Mpc −1 . The scatter of galaxies relative to the quadratic regression line is small, 0.19 dex, which indicates a fairly uniform pattern of the star formation in thin disks of late-type spiral galaxies. Moreover, in massive disks, the gas-to-star conversion occurred in the past at about two times higher rates than in dwarf spirals.
It should be noted that this difference is leveled if SF R is normalized not to the stellar mass but to the total baryon mass of the galaxy.
SOME MAIN PROPERTIES OF ULTRA-FLAT SPIRAL DISKS
The ultra-flat category represents the galaxies with a large range of linear sizes. The nearby Sd dwarf, RFGC 1700 = UGCA 193 has the minimum linear diameter in our sample, 13 kpc. Among the giant disks, the Sbc galaxy RFGC 1339 = UGC 4704 has the largest diameter, 105 kpc. The median linear diameter of the UF galaxies is 44 kpc. The correction for inclination adopted in
HyperLEDA about one and a half times decreases the isophotal diameter of the UF galaxy. Figure 6 shows the dependence between the hydrogen mass and the K luminosity of the UF galaxies. As follows from these data, the ratio M HI /L K systematically decreases from dwarf galaxies to high-luminosity objects. This pattern indicates that the process of converting gas into stars was the most intense in the most massive galaxies. The noticed effect obviously is not related to the presence of bulges in galaxies, since their contribution to the luminosity of the UF galaxies is quite small.
Comparing the logarithm of the hydrogen mass for the face-on (Karachentsev and Karachentseva 2019) and edge-on galaxies within equal intervals of the L K luminosities, we got the average difference log M HI faceon − log M HI edgeon = −0.08 ± 0.06. The negative value of this difference under the typical ratio log(a/b) ≃ 1 for the UF galaxies indicates that the disks of ultra-flat galaxies are almost transparent in the 21-cm line, and correction (12) for them is excessive.
The upper and lower panels of Fig. 7 show the dependence of the star-formation rate determined from the Hα and F U V fluxes on the hydrogen mass of the UF galaxies. The regression lines on them have an inclination of 1.27 ± 0.12 and 1.16 ± 0.08, noticeably smaller than the expected 1.4 ± 0.1 from the Schmidt-Kennicutt relation (Kennicutt 1998) for individual star-formation sites. It should also be noted that the dispersion of the observed data on the SF R-M HI diagrams obtained from the F U V fluxes is noticeably smaller than that obtained from the Hα fluxes unlike the SF R-L K diagrams (Fig. 3 ). We did not find an explanation for this feature.
Comparison of the images given in Fig. 2 shows that all the UF galaxies without exception appear thinner in the Hα filter than in the red continuum. This difference is the stronger, the closer the inclination angle of the galaxy to i = 90 • is. Figure 8 reproduces the ratio a/b in the Hα line and in the red continuum for 45 galaxies under study. Average values of log(a/b) Hα = 1.23 ± 0.03
and log(a/b) r = 0.97 ± 0.02 show that the thickness of the emission disk is on average almost two times smaller than that in the red continuum. As is known, the complexes of hot blue stars that regulate the glow of H II regions are approximately 10 7 yrs old. Consequently, the formation of a young stellar population occurs in a thinner layer of the disk compared to the thickness of the disk of an old stellar population. This conclusion is quite expected in the picture of the formation of young H II complexes with gravitational instability of molecular gaseous clouds.
Reshetnikov and Combes (1998) investigated the statistics of S-like distortions in optical images of flat galaxies. According to the data by Reshetnikov and Combes (1998) , such distortions are visible in 40% of edge-on galaxies, and their frequency increases with the increase of the flat galaxy environment. The latter circumstance indicates the external, tidal nature of the distortions visible on the outskirts of the disks. In our sample of 45 UF galaxies, we found distinct distortions of the emission disk only in one galaxy, RFGC 1133 = UGC 3539 2 , and weak distortions for other 6 galaxies: RFGC 504, 531, 722, 1434, 3935, and 4039. Thus, the occurrence of distortions of the Hα disk of ultra-flat galaxies, no greater than (16 ± 5)%, turns out to be noticeably smaller than that of the objects of the RFGC catalog. A small percentage of peripheral distortions in ultra-flat galaxy disks is in agreement with the fact that they are preferred in the very low density regions.
FINAL REMARKS
The presented results of observations in the Hα line of ultra-flat galaxies resulted in a multiple increase in the number of the studied objects of this category. The UF edge-on galaxies have angles of rotational axis inclination to the line of sight in the range of i ≃ (85-90) • which, with the absence of significant bulges, corresponds to the apparent axial ratio a/b > 10 in the blue region of the spectrum. In the emission Hα line, the UF galaxies look even thinner having the characteristic axial ratio a/b Hα ≃ 17. This shows that the young stellar population of galaxy disks is formed in a narrow layer, the thickness of which increases with the transition to an older population.
The internal extinction in the UF galaxies appears to be significant. With a characteristic linear diameter of about 44 kpc, the extinction in the Hα line reaches 1-2 m , and in the F U V band even 3-4 m . The considerable extinction results in the faint appearance of the UF galaxies in the GALEX ultraviolet sky survey. The method of accounting for the internal extinction used by us leads to good agreement between the estimates of the star-formation rate obtained from the Hα and F U V fluxes. In the 21-cm emission line, the ultra-flat galaxies of our sample are almost transparent.
The specific star-formation rate in the UF galaxies, referred to the unit of the K luminosity or stellar mass, shows a systematic decrease from sSF R ∼ −10.4 dex with L K ∼ 9 dex to about −10.7 dex with L K ∼ 11 dex. The low dispersion on the sSF R vs L K diagram relative to the regression line indicates the uniformity of the star formation in thin disks of spiral galaxies.
To reproduce the observed stellar mass, the average star-formation rate of dwarf and massive UF galaxies had to be two and four times higher in the past, respectively, than their current value of sSF R.
The relative abundance of hydrogen mass in the UF galaxy disks is on average about 20%, varying from 50% in dwarf disks to about 8% in massive galaxies. Consequently, the UF galaxies have gas reserves to maintain the observed star-formation rates for over several billion years.
Disk shape distortions are noticeably less common in the UF galaxies than those in other edge-on galaxies of the RFGC catalog. The presence of the UF galaxies in the regions of low cosmic density is consistent with the assumption that many distortions of the periphery of spiral galaxies are due to the tidal force of close neighbors.
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